Background: Anesthetic management of lower extremity amputation in chronic hemodialysis (HD) patients can be challenging because of their poor cardiovascular status. As previously reported, peripheral nerve block (PNB) may be beneficial in these complicated cases. We report the effects of PNB combined with general anesthesia on hemodynamic stability in HD patients undergoing elective lower extremity amputation. Methods: We retrospectively analyzed 13 HD patients who underwent lower extremity amputation. Patients received general anesthesia (GA group, n = 7) or general anesthesia combined with PNB (GA with PNB group, n = 6), as decided by the anesthesiologists. Mean blood pressure (MBP), systolic blood pressure (SBP), lowest BP, heart rate (HR), blood loss, fluid and blood infusion volumes, and doses of vasopressors required were compared for hemodynamic assessment. The coefficient of variation (CV ¼ σ= X ) of MBP (CV MBP ) and SBP (CV SBP ) was calculated to compare hemodynamic stability. Intraoperative opioid use and postoperative pain scores at rest using a numerical rating scale (NRS) on postoperative days 0 and 1 were compared for pain assessment. We also assessed 30-day mortality. Results: CV MBP in the GA group was significantly higher than that in the GA with PNB group (0.15 ± 0.05 and 0.08 ± 0.04, respectively, p = 0.03). The CV SBP in the GA group was also significantly higher than that in the GA with PNB group (0.16 ± 0.02 and 0.09 ± 0.01, respectively, p = 0.03). No significant differences in other hemodynamic parameters were observed. Intraoperative fentanyl doses were significantly lower in the GA with PNB group (GA 210.7 ± 99.9 μg vs. GA with PNB 113.0 ± 75.6 μg, p = 0.04). There were no significant differences in other pain parameters and 30-day mortality between the groups. Conclusion: Our results suggest that PNB combined with general anesthesia contributes to intraoperative hemodynamic stability through better pain control in HD patients undergoing lower extremity amputation.
Introduction
Peripheral artery disease is recognized as a serious complication in patients requiring chronic hemodialysis (HD). The anesthetic management of lower extremity amputation for critical limb ischemia, an advanced form of peripheral artery disease, in HD patients can be challenging because of their poor cardiovascular status, including blood pressure instability [1] . As previously reported, peripheral nerve block (PNB) may be beneficial in these complicated cases [2, 3] .
The coefficient of variation (CV), the ratio of the standard deviation to the mean, is widely used to represent the degree of variation of data. Hemodynamic instability, indicated by higher values of the CV of blood pressure during surgery, is associated with poor prognosis [4] . However, no study has described the relationship between anesthetic management with PNB and CV value of blood pressure. We retrospectively reviewed the cardiovascular status, including the CV value of blood pressure, in HD patients during lower extremity amputation under general anesthesia with or without PNB.
Methods
Eligible patients included chronic HD patients who underwent lower extremity amputation between November 2014 and December 2015 at the Japanese Red Cross Kyoto Daiichi Hospital, Kyoto, Japan. The study protocol was approved by the ethics committee of the Japanese Red Cross Kyoto Daiichi Hospital (reference no. 498). Inclusion criteria were HD patients undergoing elective lower extremity amputation under general anesthesia or general anesthesia combined with PNB. Exclusion criteria were pacemaker implantation prior to the surgery, inability to extubate the patient in the operating room, and patients younger than 20 years old. The sample size was determined based on the number of lower extremity amputations in hemodialysis patients performed at our hospital during the study period.
Patient characteristics, surgical procedures, anesthetic method, blood loss volume, fluid and blood infusion volumes, dose of vasopressor, opioid requirements during the surgery, pain intensity after the surgery measured using a numerical rating scale (NRS), and prognosis 30 days after the surgery were retrospectively recorded from the patients' medical charts. Data on mean blood pressure (MBP), systolic blood pressure (SBP), and heart rate (HR) recorded at 5-min intervals during the surgery were also collected. Information on the nerve block procedure and amount of local anesthetic were also recorded for patients who received PNB.
Since this study was conducted retrospectively, perioperative management, choice of anesthetic method, and cardiovascular management were decided by the attending anesthesiologist. General anesthesia was maintained with 1.5-2% sevoflurane, remifentanil, fentanyl, and rocuronium. Ephedrine, phenylephrine, or dopamine was used to treat hypotension. The radial artery was cannulated for blood pressure measurement in all patients. PNB was performed prior to the surgery under ultrasound and nerve stimulator guidance with levobupivacaine (0.25-0.375%, 15-45 mL). In some cases, PNB was performed before the induction of general anesthesia. Postsurgical pain intensity was assessed during an interview conducted by the attending anesthesiologist on the day of surgery and 1 day after the surgery. Pain intensity at rest was measured on a NRS. The CV of hemodynamic variables, defined by the formula, CV ¼ σ= X (standard deviation/arithmetic mean), was calculated to compare hemodynamic stability.
Patients were divided into two groups based on the anesthetic procedure: those who received general anesthesia (GA group, n = 7) and those who received PNB combined with general anesthesia (GA with PNB group, n = 6). The main outcome analyzed in this study was the CV of MBP (CV MBP ) in the two groups. The CV of SBP (CV SBP ), the CV of HR (CV HR ), average and lowest MBP during the surgery, 30-day mortality, vasopressor and opioid requirements during the surgery, and postoperative pain scores were compared as secondary outcomes. Chronological MBP changes relative to the initial value were calculated by the formula:
Initial MBP was defined as MBP measured in the operating room immediately after the arrival. Relative changes in MBP were compared between the two groups.
Data was analyzed using the t test, Mann-Whitney U test, or chi-square test, as appropriate, using GraphPad Prism software (Ver.7.00, GraphPad Software, San Diego, CA USA). We considered p < 0.05 to indicate statistical significance.
Results
The demographic data of the participants are shown in Table 1 . There were no significant differences in the patients' background characteristics between the two groups. The CV MBP in the GA group was significantly higher than that in the GA with PNB group (0.15 ± 0.05 and 0.08 ± 0.04, respectively, p = 0.03). The CV SBP in the GA group was also significantly higher than that in the GA with PNB group (0.16 ± 0.02 and 0.09 ± 0.01, respectively, p = 0.03). The CV HR and average and lowest MBP were not statistically significantly different between the two groups ( Table 2 ). The mortality rate 30 days after the surgery was similar between the two groups. Ephedrine and/or phenylephrine was required to treat low blood pressure in five (71.4%) and five (83.3%) of the GA group and GA with PNB group, respectively. One patient in the GA with PNB group required a continuous intravenous infusion of dopamine (3-7 μg/kg/min) for sustained low blood pressure. Blood loss volumes, fluid and blood infusion volumes, and the doses of vasopressors were also not different between the two groups. Fentanyl was used in seven (100%) and four (66.7%) of the GA group and GA with PNB group, respectively. The intraoperative dose of fentanyl was significantly lower in the GA with PNB group (GA 210.7 ± 99.9 μg vs. GA with PNB 113.0 ± 75.6 μg, p = 0.04, Table 2 ). Remifentanil was used in seven (100%) and five (83.3%), respectively. Intraoperative remifentanil dose was not significantly different between the two groups (GA 0.5 ± 0.23 mg vs. GA with PNB 0.6 ± 0.35 mg, p = 0.51, Table 2 ). There were no significant differences in postoperative pain scores between the groups.
Relative changes in MBP were relatively smaller in the GA with PNB group compared to the GA group (Fig. 1) .
No patient developed PNB-related complications, such as hematoma, paralysis, or local anesthetic intoxication.
Discussion
In the present study, we observed lower BP variability under PNB combined with general anesthesia during leg amputation in patients on chronic HD. Higher intraoperative BP variability is associated with postoperative delirium [5] , increased blood loss during the surgery [6] , and postoperative mortality [7] . To the best of our knowledge, no previous studies have focused on the MBP mean blood pressure, NRS numerical rating scale, POD postoperative day, CV coefficient of variation † : P < 0.05 Fig. 1 Chronological changes in MBP. Chronological MBP changes relative to the initial value were calculated by the formula: Relative change in MBP (%) = {(MBP − initial MBP)/initial MBP} × 100, initial MBP was defined as MBP measured in the operating room immediately after arrival effects of PNB combined with general anesthesia for lower extremity amputation in HD patients. We consider the difference in CV MBP and CV SBP between general anesthesia with or without PNB observed in our study (0.15 vs. 0.08 and 0.16 vs. 0.09, respectively) as being clinically meaningful based on a previous report that considered a smaller difference in CV BP between survivors and non-survivors after cardiac surgery (0.21 vs. 0.24) as being significant [4] . Based on their data, the authors of the previous study concluded that every increase of 0.1 in CV BP was associated with a 150% increase in the risk of death. The prevalence of peripheral artery disease in patients on chronic HD is substantially high [8] , and mortality rates after lower leg amputation for critical limb ischemia in HD patients are reportedly as high as 17% at 30 days and 44% at 1 year, with cardiac disease being the leading cause of death [9] .
Some authors have reported the successful use of PNB for lower extremity amputation patients, in order to avoid the systemic adverse effects of general anesthesia [2, 3] . Favorable aspects of PNB, such as better pain control and functional recovery, have been emphasized, although the impact of anesthesia methods on postoperative mortality remains controversial [10] [11] [12] .
Previous studies have indicated the relationship between intraoperative hypotension with postoperative myocardial, kidney injury, or increased mortality [13, 14] . Furthermore, as reported with high-risk abdominal surgery, PNB may contribute to hemodynamic stability when combined with general anesthesia [15] . In the current study, although no significant difference in 30-day mortality was observed between the groups, intraoperative hemodynamic stability without severe hypotension secondary to PNB may lead to favorable outcomes compared with general anesthesia alone.
In this study, it remained unresolved whether hemodynamic instability in the GA group was the nature of opioid-based analgesia or consequent of insufficient analgesia during the surgery. We could not investigate the effect of larger doses of remifentanil on hemodynamic stability since remifentanil doses were similar between the GA and GA with PNB groups. A previous study found lower mean blood pressures despite larger doses of ephedrine in patients who received remifentanil-based analgesia compared to GA with PNB [11] .
This study has several limitations. This was a retrospective study conducted at a single hospital. Further, we could not adjust for the other perioperative factors that might have influenced hemodynamic stability, such as anesthetic method, dose of anesthetic drugs, fluid status, surgical procedure, patient age, and cardiac function due to the small sample size. The sample size was limited since we were unable to expand the study period in order to avoid the risk of increasing the heterogeneity of participant background, surgical procedure, and perioperative management. Further, postoperative delirium and phantom pain were not assessed in the study.
Conclusion
Our results suggest that PNB combined with general anesthesia contributes to intraoperative hemodynamic stability in HD patients who undergo lower extremity amputation.
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